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The forest environment provides an interesting and fruitful location for the study of relatively undisturbed populations of insects. In the forests we can still find ample opportunity for the study of individuals, populations, and communities that are approximately as they were before man began to influence ecology. By observing the forests we can reassure ourselves that insect outbreaks are not always the result of man's activities. Nevertheless, activities of men in the forest have influenced insect populations in the past and will become more important in the development of forest insect outbreaks in the future.
In my own experience I have worked on the control of an outbreak of the Engelmann spruce beetle which destroyed more than 40 bilIion board feet of timber (Wygant 1956 ). The development of this outbreak had no relationship to the activities of man. An outbreak of similar destructiveness could have occurred a thousand years ago. The only difference may be that a thousand years ago two or three times as many trees would probably have died because man did assist in stopping the devastation in the more recent infestation. Many people claim that man has upset balances which were originally present. Perhaps this is true, however, many of the insect losses in the forest that occurred before man was present would be intolerable from our current standpoint.
Where do we find our most severe problems? Let's use the Lake States forests as an example. We do not gen- 1 Presented in symposium at the annual meeting of the Entomological Society of America, November 27·30, 1961. 196 erally expe:t severe outbreaks in the mixed hardwoodhemlock types that we may sometimes calI "insect-proof". We expect trouble from insects in pure pine, spruce, or hemlock stands and in forests predominantly balsam fir, aspen or birch (Graham 1951) . Unfortunately the acreages of these susceptible types are increasing. In this aspect we ::lnd a more direct comparison of forest entomology to that which we might calI agricultural entomology_ In the past 50 years we have planted thousands of acres of nonproductive agricultural lands to pure stands of pines and other conifers (Graham 1956) . In this process little thought has been given to the consequences of so much of the same species or of the same ages on large contir::uous acreages. Thus the forest insect problems of today are increased. The nonproductive lands must be planted to trees but we must accept the consequences. In the process we have created conditions more favorable to insects in a manner similar to that of farmers planting corn on adjoining fields. The main differences are in the investment costs and the long period of time before a return is realized on a forest plantation.
Insect control may never be needed on many forest lands and even in susceptible types it is generally necessary only once or twice in the lifetime of the forest. At least we hope this is the case because we could not afford to do more. The cost of forest insect control is high amI it is an investment which may have to be carried for years before the crop is harvested. Thus the procedures 'Jsed must be as low in cost and as thorough as possible so that the investment will be small and the control will be lasting. Control procedures cannot depend solely on biological or cultural controls nor can the most efficient control results be attained with chemical controls alone. We must learn to use everything available to obtain effective and long-lasting results. Smith and Hagen (1959) call this the ecological or total approach to control.
Another problem is also present in forest insect control that may not be as apparent in agricultural entomology. This problem is associated with the large acreages involved. When using chemicals to destroy pest species we may be responsible for the upset of a theoretical biotic balance in the forest. This can create other insect problems or it can cause criticism from outside sources. A good example of the difficulties encountered is the obj ection of sportsmen to the loss of trout in streams after DDT application on forested areas. Perhaps these losses are not important; however, the voices of objection are being heard. The less apparent losses of other organisms in the streams are probably more significant than the more obvious losses of fish which can be readily replaced by stocking.
The increasing use of insect control in the forest is not only caused by the changes made by man but also to the increasing value of the forest to mankind (Beal 1956 ). Twenty years ago we might have allowed a devastating outbreak of a forest insect to continue unattended. The insect populations would continue to destroy the resource until the pests were reduced by natural control factors or a lack of food. Today, if the rate of kiliing is increasing we attempt to stop the outbreak. The cost of such control work is often extremely high. In the future we may be able to predict most insect outbreaks and stop them before losses of significance can happen.
THE INTEGRATED CONTROL CONCEPT Stern et al. (1959) state that integrated control programs are especially important in situations where a pest population may be under satisfactory biological control over a large area or a long period of time, but not in all individual fields or during all periods. The pest population may be at economic levels at some locations while sub-economic at others. This description is as applicable to forest insect conditions as to the agricultural ones to which the authors refer. The main differences are in magnitude only. Instead of fields we may be dealing with entire forests but the basic premise is nevertheless identical. In forest insect work it is especially important that we make full use of biological and silvicultural control methods. We cannot expend as much money on direct control by insecticides because of the values involved and we can't or shouldn't use a temporary type of control procedure in most cases. In other words the control method should have a lasting effect on the population. This makes the use of integrated control procedures a necessity in many cases because we must favor the natural enemies of the population. As a result, in practice, forest entomologists have been integrating chemical and biological control or silvicultural and biological control for a long time but not always in a pre-control plan. The future should include an increase in the planned use of integrated control procedures.
Augmentation
of Natural Enemies.-In forest insect control attention has becn given to the augmentation of natural enemies. This is especially true in respect to enemies of introduced pests such as the gypsy moth (Porthetria dispar (Linneaus», the brown-tail moth (N ygmia phaeorrhoea (Donovan», the E.uropean pine shoot moth (Rhyacionia buolialla (Schiffermiiller», the European spruce sawfly (Diprion hercyniae (Hartig», the European pine sawfly (Neodiprion sertifer (Geoffroy» and many others (Clausen 1956 ). Some of these programs of augmentation have been extremely successful, although positive statements that biological introductions were responsible for reduced populations of these pests are rare. As an example, Clausen (1956) states that nine parasites and two predators of the gypsy moth have been established. It is believed that their combined effect has given appreciable control. Outbreaks are no longer as frequent nor as long in duration as they were before the introduction although the pest is still e..'{-tremely dangerous. The results seem even more encouraging when we consider the brown-tail moth. This moth has been of little consequence since the establishment of its parasites in New England; no additional serious outbreaks have occurred.
Among the insects currently receiving attention is a balsam woolly aphid (Cherllles piceae Ratzeburg). This is a serious pest of true firs in many sections of the country.
Introduction of predators of this important pest is in progress at locations as widely separated as Oregon and North Carolina.
These examples indicate that forest entomologists have been and are aware of the values of augmentation of natural enemies. They are also aware of the many opportunities that must be investigated. We should know more about the natural enemies of native pests especially in regard to their population dynamics. Research is needed on the effects of the application of insecticides on the parasites and predators of a pest species as well as the pest itself. Methods for augmenting populations of natural enemies of native pests should be developed. The introduction of additional natural enemies is not always practical but there are cases where procedures can be developed for overcoming deficiencies in the native complex.
Selective lnsecticides.-Nonselective chemical insecticides are not a desirable means of forest insect control. 'vVe use them because they are the only effective tool available for quickly reducing destructive populations of most of our more serious pests. In forest entomology several selective and effective biotic insecticides have been developed for control of specific forest pests. An e.."ample that has been highly successful is the virus disease organism used to control the European pine sawfly. This has been thoroughly tested and is highly effective. Control is fully as satisfactory as chemical control and less expensive (Lewis 1960) . There are several other e..,,-amples of the use of virus in control of forest insects.
The biotic insecticides that have been adopted are e..,,-tremely effective and inexpensive.
Others have been found for other pests that are not as effective and perhaps not as inexpensive. Likewise selective chemical insecticides may not be as effective and are likely to be more expensive than nonselective chemicals. Expense or effectiveness may not be sufficient reason for rej ecting an insecticide. We may have to use a selective chemical or biotic insecticide in areas where the use of nonselective insecticides is likely to create a serious problem, such as the effect of DDT on fish populations when the insecticide is applied over a stream or the problem of DDT residue in milk when DDT drift reaches pasture land.
The use of nonselective and selective insecticides. could be integrated. The cheaper or more effective nonselective insecticide could be used over the main body of an infestation, while the more expensive and perhaps less effective selective insecticide could be applied on other areas where damage to other organisms might take place.
An excellent example of large-scale control is the spraying of the spruce budworm (Choristoneura fU11liferana (Clemens) with DDT. Spray operations may cover tremendous acreages; in 1957 in New Brunswick and Quebec 6,500,000 acres were sprayed (Webb 1959) . The general effects of these large operations have not been proven deleterious against terrestrial animals but there have been reports of severe reductions of aquatic populations in streams and lakes. Although no completely selective insecticides have been found to replace DDT there are more expensive insecticides that are less harmful to aquatic organisms. Sevin® is a promising example. The situation is of enough importance to warrant the extra expenditure required for spraying the forests adjacent to water areas separately with the more expensive material.
This type of integration should certainly be studied and applied where practical.
Integration of Biological and Chemical Control.-To my
knowledge no specific control projects have been designed with the idea of integrated control procedures as a means of protecting and encouraging the biotic elements of the forest. In actual practice, however, several control projects have utilized the method as a means of gaining control at a lower expense. Examples could be drawn from many regions but I will confine my comments to insects on which I have specifically worked and have seen the results.
The Engelmann spruce beetle (Dendroctonlls engelmanni (Hopkins))
is predator-limited when at low population levels. The predators of importance in the control of populations of this primary, tree-killing pest are woodpeckers (Knight 1958) . When outbreaks occur there are not enough woodpeckers to reduce populations effectively. Control consists of treating individual trees with a fumigant insecticide, ethylene dibromide, in an emulsion formulation. Effective control requires that the bark surface be completely wetted from the ground line to as high on the trunk as the hand equipment wiII reach. This treatment is limited to between 25 and 30 feet of the bole although many trees are infested to a height of 40 feet or more.
In the recent control projects in Colorado the woodpeckers continued to feed on the portions of the trunk that were missed or not reached by the chemicals and on infested trees that were not located by the spotting crews. Thus the woodpeckers were forced to concentrate their efforts on a smaller total bark area where they eliminated the remaining insects. As a result we have a good example of integrated control.
It was also demonstrated in the Colorado outbreaks of the last decade that the chemical control effort could be concentrated in the centers of an infestation; the woodpeckers would control the populations in the scattered infested trees around the fringes.
Using the same insect as an example, we can cite the integration of a chemical with a cultural method of control. This beetle is attracted to felled timber whether it be wind-felled or cut by man. Research disclosed that trap trees (trees feUed for the purpose of trapping insects) were effective in concentrating populations of the insects (Nagel et al. 1956 ). Practically all beetles within a half mile of felled trap trees would fly to the felled material and attack. Thus with the use of trap trees the land manager can create conditions which concentrate the beetle population and then can destroy the insects by treatment of the infested materials. If the trap trees were accessible, the landowner might not need chemicals at all; he could log the trees and burn the infested slabs at the sawmill .
I believe the following quotation from Smith and Hagen (1959) is extremely important and is a comment that forest entomologists should keep in mind: "When partial biological control is present, it can be fostered and utilized by employing chemicals only at the times or places where the biological control is inadequate," I will stress the point that chemicals should be used only where biobgical control is inadequate. The use of chemicals in a precautionary way or in so-called "maintenance" procedures may in the long run only increase the problems in an area. More time must be given to precisely evaluating the populations of both beneficial and harmful insects so that chemicals will be used only when needed to control a population that is increasing and/or is above the economic threshold. There is a tendency among forest entomologists to accept chemicals as the final answer to many problems. The development of effective chemical procedures should only be the beginning in research because such procedures are not always desirable, are usually temporary in effect, and are expensive.
SUMMARY
At this point we might ask what are some of the specific opportunities for research on integrated control in forest entomology? I think that I have pointed out many of them in this discussion but will attempt to summarize some of them in the following six points.
(1) The research cffort on parasites and predators should be increased. \Ve especially need more information on the population dynamics of these organisms. \Ve should include insects, insect diseases, and animal parasites and predators other than insects.
(2) We should study more thoroughly the effect of insecticides on parasites and predators. This information plus a better knowledge of the ecology of the parasites and predators will be needed so that we can synchronize insecticide application to foster rather than destroy the biotic agents.
(3) We should do more work on rearing of parasites and predators so that we can effectively augment populations of b:otic mortality agents in the field. Such augmentation can be integrated with chemical control to give more effec.tive and lasting reductions in pest populations.
(4) The use of selective chemical and biotic insecticides should be more carefully scrutinized. They should not be rejected for being more expensive or a little less effective than nonselective chemicals. There are many situations where they should be used to preserve ecological conditions in the forest. These selective chemical and biotic insecticides could be integrated into programs using nonselective insecticides.
(5) Additional research is needed on the use of cultural control procedures. More use should be made of cultural methods of control. These methods could be integrated either with chemical or biological control. The increasing numbers of studies on tree susceptibility is very important. This is an area of research closely associated with cultural control.
(6) A field of research of vital importance to the development of integrated control procedures concerns the evaluation of populations of the pest insects and the effects of their associated parasites and predators. Forest entomologists can be justly proud of what they have accomplished in this field but much more can be done. We especially need simplified methods for rapid evaluations.
Times have changed since the forester accepted forest insect losses as inevitable. We have developed effective means for controlling outbreaks of many serious pests. \Ve now should be thinking in respect to refinement of methods and the long-term effects of results. This work is being done now by forest entomologists throughout North America. The progress will be slow because reflllement of control methods takes a long time and is (.ependent on a thorough knowledge of the ecology of the entire forest complex. The refinements will point in the direction of better ecological balances in the forest so that the long-term effectiveness of control will be improved. Thus I am confident that integrated control procedures will become more common in future control projects.
In the field of public health entomology, the concept of integrated arthropod control has not emerged as a working principle to the extent that it has in agriculture. Part of this lag is due to economic considerations as well as to a marked preference for (a) rote operations and for (b) curative means as opposed to preventive measures. Except in states where the tourist trade is a major economic factor, vector control programs in the United States rarely provide benefits that are clearly measurable in terms of dollars.
The absence of monetary benefits is not true of countries where control of disease vectors represents a significant factor in the economic life of the country. However, in these situations the abatement or eradication endeavor is directed chiefly towards control of the disease and whether the insect populations are reduced or eliminated is purely incidental to the main objective of raising the health level of the population.
The "rote" approach to arthropod control operations signifies an attempt to achieve abatement by the routine application of insecticides without regard to the habits or abundance of the species. Economic considerations also are partially responsible for this approach, since a single chemical or method for all purposes is cheaper. In addition, less-qualified personnel are required to supervise such a program.
The "preventive concept" of control receives approval from many groups but while an "ounce of prevention is worth a pound of cure", it usually is difficult, if not impossible, to obtain the necessary "ounces" to establish preventive measures. Public support, including that of the governing authorities, often is sadly lacking for "preventive" control. However, any suggestion that a current community infection is possibly insect-borne or that an insect population threatens the comfort of the public causes immediate, and sometimes unwise, approval of curative (usually chemical) measures.
With this brief introduction, let us examine some instances of the effect of chemical measures upon the prevalence of medically important arthropods. \Vith the appearance of resistance to DDT, dieldrin and other chemicals in populations of Aft/sea dOlllestica Linnaeus, there were reports of situations where this species not only regained but greatly surpassed, its former prevalence. At Savannah, Georgia, several insecticides such as dieldrin, BHC and chlordane were shown to increase house fly breeding in privies (table 1). In contrast untreated privies had only a minor amount of house fly breeding
